The sea urchin Tripneustes gratilla is ecologically and economically important in the Indo-Pacific 33 region. We use population genetic methods to investigate the population structure and historical demography 34 of exploited populations in the Philippines. Sea urchins sampled in 6 localities in western Luzon and 4 outgroup 35 sites were sequenced for mitochondrial cytochrome oxidase-1 gene (n = 282) and genotyped for seven 36 microsatellite loci (n = 277). No significant genetic structure was found for either class of markers, indicating 37 either extensive gene flow across the archipelago, or that populations have high genetic diversity and have not 38 yet attained equilibrium between genetic drift and migration following large changes in demography.
), and elongation of 5 min at 72 o C. PCR products were then electrophorosed in 1% agarose gels, 163 stained with ethidium bromide, and examined under UV light.
164
For genotyping, microsatellite loci were divided into two pooling sets of PCR products. One pooling 165 set was a mixture of 0.5 µl PCR products of locus Tgr-24 and 1.0 µl of the multiplex PCR products. The other 166 set was comprised of 1.0 µl PCR products of locus Tgr-C11 and 0.5 µl PCR products of each locus, Tgr-D5 and 167 Tgr-A11. In each well of a 96-well plate, a set of pooled PCR products were combined with 9 µl Formamide-168 GeneScan TM 500 LIZ® (Applied Biosystems) mixture. The master mix solution was initially prepared in a 169 microcentrifuge tube by combining 985 µl of formamide and 15 µl of GeneScan TM 500 LIZ®. The latter served 170 as internal molecular weight standard for allele calling. The PCR products were sent to Life Sciences Core 171 Laboratories Center at Cornell University and analyzed on Automated 3730xl DNA Analyzer (Applied 7 into unique haplotypes using the web tool, FaBOX (Villesen, 2007) . A haplotype network was created in TCS v1.21 (Clement et al., 2000) using a statistical parsimony procedure. A minimum spanning tree based on FigTree (Rambaut, 2009) . To illustrate the relationships between unique haplotypes, the minimum spanning 9 Results of analysis in Micro-checker indicated the possible presence of null alleles in all populations at locus 238 Tgr-24, Tgr-A11, Tgr-B11; 4 populations at locus Tgr-D5; and 2 populations at locus Tgr-C11 and Tgr-C117. considered a deviant locus in this study and subsequent analyses were carried out without this locus.
242
Genetic differentiation among the sampled sea urchin populations was initially examined by testing the 243 significance of genotypic differentiation for all populations and all pairs of populations in Genepop v4.0.10 on 244 the web (1000 dememorizations, 1000 batches, and 10000 iterations per batch). In Arlequin v3.5, genetic 245 differentiation of populations was evaluated under the assumptions of unstructured AMOVA (or single group of 246 populations) and infinite allele model. Because high levels of heterozygosity can lower the maximum value of 247 F ST , we also measured G' ST and D EST , which correct for this problem using SMOGD (Crawford, 2010) . Another 248 test of population differentiation was carried out in BAPS v5 (Corander et al., 2008) which was based on a 249 Bayesian clustering method. This population mixture analysis requires input of the maximum number of 250 genetically diverged groups (K). In this analysis, clustering of groups of individuals was carried out using 251 several K values (1, 2, 3, 4, 5 and 6) and analyses were run three times for each K value. In addition we used the 252 Bayesian coalescent sampler Migrate v3.5.1 (Beerli and Palzewski, 2010) to test a model of genetic structure 253 (k=2, Guimaras vs. Northern Luzon sites) against no structure (k=1). We used a Brownian motion model of 254 mutation, and windowed, exponential priors on Θ (1 × 10 -4 to 1 × 10 3 ) and m/µ (1 × 10 -3 to 1 × 10 4 ). Each model 255 was run for 1 million steps, with 10,000 steps removed as burnin, and 10 heated chains ranging in temperature 256 from 1 to 1 × 10 5 . Model selection was based on Bayes Factors calculated from the marginal likelihood of each 257 model, as estimated from a Bezier approximation to thermodynamic integration over the heated chains (see 258 Beerli and Palzewski 2010, Crandall et al., 2012) . Based on unbiased genetic distance (Nei, 1978) , a UPGMA
259
(unweighted pair-group method using arithmetic averages) tree of sampled populations was generated (1000 260 bootstraps) in TFPGA v1.3 (Miller, 1997) . A Mantel test was carried out in IBDWS v3. 16 (Jensen et al., 2005) 261 to test for a positive relationship between geographical distance (measured as shortest distance by sea) and 262 pairwise genetic differentiation obtained from Arlequin v3.5 based on 10000 random permutations.
263
To estimate contemporary effective population size of the T. gratilla population in Northwest Luzon,
264
we employed a method that utilizes the mean squared correlation in allele frequencies (i.e. linkage 10 with other localities), and only included alleles with a frequency greater than 0.02, which Waples and Do (2010) 268 have shown to balance the precision provided by many alleles with the bias created by rare alleles. Confidence 269 intervals were determined with a one-delete jackknife over loci.
270
To infer past demographic events from the microsatellite data, Bottleneck v1.2.02 (Piry et al., 1999) 271 was used to determine whether the sampled populations have experienced a reduction in their effective 272 population size. In principle, a severe reduction of effective population size results in a progressive reduction of 273 number of alleles and heterozygosity at polymorphic loci. However, the number of alleles is reduced faster than 274 the heterozygosity (H e ); hence, a transient excess in H e is expected to characterize a bottlenecked population. To 
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The 605-bp sequences were aligned without indels and collapsed into 79 unique haplotypes characterized by 69 289 polymorphic sites ( Supplementary Table S2 ; GenBank accession numbers: JX661089-JX661167). Most of 290 these haplotypes occurred only once (57 singleton or 72% of the total unique haplotypes). Based on overall 291 frequency, the haplotypes found to be dominant were sequence 1 (34.8%), 10 (11.7%), and 3 (9.3%) while the 292 rest of the haplotypes occurred less often (<2.5%). The minimum spanning tree revealed three star-like 293 polytomies with the dominant haplotypes separated by only one nucleotide difference (Fig. 1 ). All haplotypes 294 were closely related as they differed by only 1 to 10 unique mutations. The most frequent and broadly that the dominant haplotypes in this present study were also shared with other populations from different parts 298 of the world (Fig. 2) . Interestingly, the most dominant haplotype 1 was shared by T. gratilla and Tripneustes the region.
392
The lack of genetic structure across the archipelago, however, could not be entirely explained by 393 contemporary oceanographic processes. This is in contrast with the findings of other local genetic studies in the 394 Philippines on marine species with biphasic life-histories that revealed broad to fine-scale genetic structure 395 within the archipelago that conformed with current patterns or biogeographic divisions (e.g. Linckia laevigataestimated from microsatellites for the Northwest Luzon population (N e = 6535.5), and assuming an ecologically 401 high rate of gene flow (m = 0.1), we estimate that it would take ~4700 generations for F ST values to move 402 halfway to their equilibrium value following any of these demographic changes (Crow and Aoki 1984) .The 403 inferred absence of equilibrium between gene flow and genetic drift is initially evidenced by the lack of 404 significant correlation between geographic and genetic distance for both markers (Slatkin, 1993) . This is further 405 supported by the observed sharing of the dominant mitochondrial haplotypes with samples from Reunion Island 406 in Western Indian Ocean and even with its congeneric species, T. depressus in the Galapagos Islands in the 407 eastern Pacific (Lessios et al., 2003) . This lack of divergence across the Eastern Pacific Barrier and the 408 incomplete sorting of the mitochondrial lineage for the genus Tripneustes indicate the persistence of genetic 409 patterns shaped by evolutionary events in the past (Benzie, 1999; Lessios et al., 2003) .
410
For the microsatellite data, significant departures from Hardy-Weinberg equilibrium due to 411 heterozygote deficiency also substantiate the non-equilibrium state of T. gratilla populations. Heterozygote 412 deficiency has been associated primarily with ecological processes such as inbreeding, recent admixture, 413 selection, or accumulation of genetically distinct cohorts (e.g. Watts et al., 1990; Addison and Hart, 2004; van inbreeding coefficients without linkage disequilibrium, the most probable explanation for the heterozygote Watts et al., 1990) . This has been suggested to be a consequence of large variance in reproductive success or differential survival during the planktonic larval stage or immediately after settlement at early benthic stage known as sweepstakes reproductive success, suggests that this large reproductive variance is due to asynchrony 421 between oceanographic and biological conditions that may influence larval development, dispersal, and 422 recruitment (Hedgecock, 1994; Hedgecock et al., 2007 , Hedgecock et al., 2011 . T. gratilla is predisposed to Estimates of long-term coalescent effective population size from the mtDNA data were orders of 433 magnitude larger than estimates of contemporary effective size based on linkage disequilibrium in the 434 microsatellite data. This is unsurprising, because the two markers and methods are estimating over very different 435 temporal and spatial scales. The mtDNA data integrates over the coalescent history of the genetic sample, and 436 therefore reflects the population size of the global T. gratilla population, which may include the entire Indo-437 Pacific, as indicated by the vast ranges of shared haplotypes in Fig. 2 (Lessios et al., 2003) . On the other hand, 438 linkage disequilibrium is a transient phenomenon that occurs among loci, and N e estimates from the to protect adequate spawning stocks and ensure reliable recruitment in the localities. This can be carried out, for example, by establishing network of marine protected areas and sea urchin grow-out cage culture sites along the 510 western Luzon coasts which serves as reproductive reserves and recruitment sites (Malay et al., 2002; Juinio-511 Meñez et al., 2008; 2009) . Consideration of genetic impacts is also still vital especially in implementing the 512 culture-based management interventions such as the release or grow-out culture of hatchery-produced juveniles 513 (Ward, 2006) . As with all fisheries species, hatchery-based supportive breeding efforts should aim to maximize 514 genetic diversity in the captive population released into the wild (Ryman and Laikre 1991). Integration of these 515 insights with other information (i.e. recruitment patterns, demographic data) would facilitate the development of 516 an effective management scheme that would ensure sustainability of the T. gratilla fishery. and P. Barber for their support. We also extend our gratitude to H. Bangi, W. Licuanan, M. Samson, and M. F. and sea urchin surveys. We are also grateful to R. J. Ravago-Gotanco, M. C. Lagman, D. Carlon, A. Ackiss, C. retention and connectivity among populations of corals and reef fishes : history, advances and challenges.
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